Objective. To describe the epidemiologic literature related to early-life feeding practices and early childhood caries (ECC) with regard to publication attributes and trends in these attributes over time. Methods. Systematic literature review including electronic and manual searches (in BIOSIS, CINAHL, Cochrane Library, LILACS, MEDLINE, Web of Science, and WHOLIS), covering the years 1990-2013. Attributes of publications meeting a priori inclusion criteria were abstracted and organized by global region and trends over time. Attributes included country of origin and study design of included publications and age and caries prevalence of the populations studied. Results. 244 publications drawn from 196 independent study populations were included. The number of publications and the countries represented increased over time, although some world regions remained underrepresented. Most publications were cross-sectional (75%); while this percentage remained fairly constant over time, the percentage of studies to account for confounding factors increased. Publications varied with respect to the caries experience and age range of children included in each study. Conclusions. Publication productivity regarding feeding practices and ECC research has grown, but this growth has not been evenly distributed globally. Individual publication attributes (i.e., methods and context) can differ significantly and should be considered when interpreting and synthesizing the literature.
Introduction
Early childhood caries (ECC) is a multifactorial disease [1] , with early-life feeding practices as an appealing target for caries prevention. The American Academy of Pediatric Dentistry defines ECC as the presence of any primary tooth surface that is decayed, filled, or missing due to caries in a child under the age of six [2] . ECC is a potential source of pain, infection, and reduced quality of life for children and families [3, 4] and heightens the risk of dental caries in the permanent dentition [5, 6] . Untreated caries in the primary dentition is one of the most common conditions globally [7] , and as many as 60-90% of school-aged children worldwide experience dental caries [8] .
Feeding habits for infants and young children play a contributory role in caries development [9, 10] , and behaviors that limit added sugar, reduce bottle use, and serve defined meals or snacks have positive implications for oral health. Of particular relevance in settings where access to traditional dental care may be limited, feeding practices are potentially modifiable even without reliance on dental providers, and dental-healthy feeding practices could offer additional benefits, such as childhood obesity prevention [11] . Feeding practices can be integrated into oral health-general health interventions, a research priority for reducing or eliminating oral health inequalities [12] .
Valid, representative evidence is essential for widely applicable guidelines and to bridge the translation gap from clinical and epidemiologic research to public health practice [12] . Yet, some authors have noted a relative lack of longitudinal and intervention studies of ECC and early-life feeding habits [13, 14] . Also, given the prevalence of oral diseases in 2 Journal of Oral Diseases Search terminology and syntax ("dental caries" [MeSH Terms] OR ("dental" [All Fields] AND "caries" [All Fields]) OR "dental caries" [All Fields]) AND (("diet" [MeSH Terms] OR "diet" [All Fields]) OR ("feeding behavior" [All Fields] OR "feeding behavior" [MeSH Terms] OR ("feeding" [All Fields] AND "behavior" [All Fields]) OR "feeding behavior" [All Fields]) AND ("1990/01/01" [PDAT]: "2013/12/31" [PDAT])) AND (("child" [MeSH Terms] OR "child" [All Fields]) OR ("infant" [MeSH Terms] OR "infant" [All Fields]) OR ("child" [MeSH Terms] OR "child" [All Fields] OR "children" [All Fields]) OR preschool [All Fields] OR ("pediatrics" [MeSH Terms] OR "pediatrics" [All Fields] OR "pediatric" [All Fields])) Date completed: November 1, 2013 many lower-resource countries [8] , oral health promotion strategies would ideally incorporate evidence drawn from such settings. Understanding heterogeneity across studies is vital for determining the appropriateness of pooling results drawn from different contexts. Finally, identifying trends in ECC research over time might inform future investigative priorities by highlighting any existing research gaps.
The objective of this systematic review is to characterize the epidemiologic literature connecting early-life feeding practices and ECC. Specifically, this review aims to (1) describe the relevant literature, published from 1990 to 2013, regarding global representation and study attributes and (2) evaluate trends in the literature during this period.
Method
2.1. Systematic Literature Search. Electronic searches, concluded in November 2013, were conducted in the BIOSIS, CINAHL, Cochrane Library, LILACS, MEDLINE, Web of Science, and WHOLIS bibliographic databases, limited to publication dates from 1990. The MEDLINE search used Medical Subject Headings (MeSH) terminology (Table 1) ; analogous searches were adapted for other databases. Search terms were in English, but without explicit language restrictions.
Inclusion and exclusion criteria were developed before reviewing citations. This review focused on the epidemiologic literature, broadly defined as all studies based in human populations, whether observational or experimental, but not laboratory or animal-based research. Excluded were abstracts, dissertations, conference proceedings, commentaries, review articles, position statements, and practice guidelines. Inclusion required a clinical caries assessment in a pediatric population (i.e., primary dentition), rather than participant-reported status, oral hygiene, oral bacterial infection, or dental service utilization. Studies must have featured both caries-positive and caries-free individuals. Feeding practices could relate to current or past diet or habits, including measures of eating frequency, bottle use, breastfeeding, intake of specific foods or nutrients, food types (e.g., sweets), pacifier use, utensil sharing, or nocturnal feeding. Excluded were ecological diet measures, nutritional status measures (e.g., anthropometry and enamel defects), medication use, biomarkers, or maternal diet. Intervention studies were eligible if intervention components related to feeding or diet but not in a combined intervention with other factors, such as oral hygiene, fluoride, or restorative treatment. Inclusion required a reported measure of association (or data permitting its calculation) between at least one feeding practice and caries (e.g., prevalence ratio). Studies reporting only results of statistical tests (e.g., values) without expressing the magnitude of association were excluded. Only publications for which full-text copies could be obtained in English, Portuguese, or Spanish were considered.
Two reviewers (BC and AC) independently assessed identified citations and, later, full-text copies of citations deemed potentially relevant based on titles and abstracts. For any citation selected by only one reviewer, both reviewers discussed the article to reach consensus regarding inclusion. Additionally, a manual search applied the same inclusionexclusion criteria to the citation lists of reviewed full-text publications. Relevant characteristics of included studies were abstracted to standardized forms ( Table 2) . Publications were considered drawn from a single independent study if results were derived from the same or overlapping participants (e.g., a national survey).
Study Attributes.
Country of origin refers to participant recruitment, not necessarily authors' home country. For this review, cross-sectional design applies to any study in which feeding practice and caries data were collected simultaneously, regardless of whether investigators asked participants to recall past events or if investigators applied different sampling fractions to caries-positive and caries-free children. Longitudinal design applies to studies with data from two or more time points, in which the observed feeding practices could be related to future caries. In intervention studies, investigators assigned a feeding-related treatment or intervention to a subgroup of participants, along with an appropriate control group. When possible, sample size refers to those individuals included in results, not necessarily all participants initially recruited.
A study was considered peer-reviewed if its journal was designated "refereed" at Ulrichsweb directory (http://ulrichsweb.serialssolutions.com/) or if the journal's website described the peer-review process. A study was deemed to have accounted for confounding variables if it included multivariable statistical adjustment, stratification for nonfeeding variables, or was a randomized controlled trial. To assess trends over time, included publications were grouped into three 8-year periods: 1990-1997, 1998-2005 , and 2006-2013. The total number of publications and the number of countries represented both increased over time (Table 3) . Of the six World Health Organization (WHO) regions, the most independent studies originated from the Americas, Europe, and Western Pacific; fewer studies were conducted in Africa, the Eastern Mediterranean, or Southeast Asia (Figure 2 ). The sources of publications shifted over time. From 1990 to 1997, the most represented countries were the United States ( = 9), Sweden ( = 8), Finland ( = 7), and the United Kingdom ( = 7), accounting for 57% (31/54) of publications during that period. No included publication dated earlier than 1998 was from Brazil. Since 1998, Brazil produced the most publications of any country ( = 37), followed by the United States ( = 36), China ( = 16), and India ( = 10). Restricted to English-language publications, Brazil still accounted for 14% (24/177) of all included publications since 1998.
Results and Discussion
The most common study design was cross-sectional, accounting for 75% (182/244) of included publications (Table 3) . Only nine publications, drawn from seven independent studies, were interventional in design. The percentage of cross-sectional studies was similar over time as was the percentage of publications that underwent some form of peer-review, which was >94% in all time periods (Table 3) . In more recent time periods, a greater percentage of publications presented results adjusted for putative confounding variables ( Table 3) .
Although all studies pertained to children in the primary dentition, the study populations differed considerably with respect to caries status ( Figure 3 ) and age range (Figure 4) of the children in each study. In all WHO regions, there were studies representing populations of very low caries burden and populations of very high caries burden. Likewise, some studies featured populations of children within a narrow age range (either younger or older), while other studies were more inclusive, featuring children ranging in age from infancy to near school age. It was not possible to make country-or regionwide estimates of caries prevalence because most study populations were not intended to be nationally representative.
3.2.
Discussion. The body of literature relating early-life feeding practices and early childhood caries is large, heterogeneous, and increasing over time. While this increase could be partly attributable to broader electronic indexing of more recent publications, this growth also reflects a general trend of rising publication productivity in the health sciences [15, 16] . 1 In the case of nonindependent publications (i.e., publications drawn from the same study population), only counted is the largest (most inclusive) sample analyzed from each study population. 2 Publications that presented results from both cross-sectional and longitudinal analyses were counted as longitudinal. Two publications that used other designs were not included.
This century, we observed that the number of publications related to feeding practices and caries that originated from some countries expanded, notably from Brazil, China, and India, which, along with the United States, comprised the four most-represented countries in terms of publications since 1998. Other studies of country-level production in the dental sciences spanning 1999-2003 [17] and in orofacial pain research during 2004-2005 [18] both found the United States, Japan, and the United Kingdom to be the three countries most represented in those fields and time periods. Importantly, these prior assessments assigned publications' countries of origin as the home countries of the study coauthors. By our methodology, the source of study participants determined the originating country, highlighting the location to which study results would be most generalizable, even for research conducted as an international partnership. Furthermore, our findings could indicate an accentuated rise in oral health research in certain countries in the 8-10 years since these earlier assessments or could reflect a special emphasis on population-based early childhood caries research. In Brazil, for example, the observed increase in publication productivity follows a rapid expansion in dental training opportunities, where more than 100 new dental schools opened nationally from 1995 to 2008 [19] . Additionally, recent efforts to integrate behavioral and population-based sciences into dental Western Pacific (n = 42) Southeast Asia (n = 13)
Figure 2: Independent study populations by country and by World
Health Organization region. The number of studies sums to 198, rather than 196, because two studies recruited participants from two countries; one study included participants from Finland and Tanzania and another study included participants from Tanzania and Uganda. education programs in China may have contributed to new opportunities for community-based research [20] .
In contrast, many world regions, specifically Africa, the Eastern Mediterranean, and Southeast Asia, remain largely underrepresented in the literature, despite shouldering a disproportionate caries burden [8] . It is possible that the language restrictions of this review might have excluded some number of otherwise relevant publications from these regions. However, the number of identified citations that were excluded for language reasons was much smaller than the size of the publication gap between global regions. More high quality studies are needed from underrepresented world regions to inform comprehensive, globally representative policy and practice recommendations.
The cross-sectional design was used extensively, limiting the ability of many studies to distinguish the temporal ordering between current feeding practices and caries. Many studies relied on maternal recall of past feeding practices, the accuracy of which depends on the length of the recall period and the practice being recalled [21] . Despite these disadvantages, cross-sectional studies are generally more expedient and less costly than longitudinal studies and, therefore, could aid hypothesis generation for subsequent longitudinal investigations.
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The relationship between food intake and caries is not a novel area of study [22] , yet translation of research findings into effective practice is a persistent implementation gap [12] . This review identified few standalone feeding practice interventions, consisting of just seven trials. While not all of these interventions yielded significant dental health effects, several exemplified a common-risk factor approach to disease prevention, investigating oral health outcomes downstream of nutritional or otherwise general health-focused interventions [23] [24] [25] [26] [27] .
The percentage of publications using methods to account for confounding factors increased with time. While this can be considered a positive development, it does necessarily indicate that the adjustment methods used were appropriate or comprehensive. For example, inclusion of variables in statistical models as confounding factors without reasonable evidence to suggest such variables plays a confounding role which may actually increase bias [28] . Furthermore, it is not known to what extent publication bias, the greater tendency for statistically significant findings to enter the literature [29] , affected the trends observed in this review.
Heterogeneity across studies can be informative and must be considered in combining study results [30] . In addition to geographic heterogeneity, differences in the age range and caries experience of different populations highlight reasons for caution if pooling results. For example, feeding practices such as bottle use and breastfeeding are strongly related to age, as is ECC, and, therefore, age distributions must be considered during analysis and interpretation of epidemiological data. Studies might find inverse relationships between certain feeding practices and caries if those practices predominate among younger children. Additionally, relative measures of association, such as the prevalence ratio, are a function of the disease level in the comparison group and, thus, might not be equivalent across populations that vary widely in baseline disease levels. For example, a reported relative risk of 1.5 that relates caries prevalence across groups exposed or unexposed to a particular feeding practice might have different practical implications if the prevalence levels being compared are 8% to 12% versus 40% to 60%.
The scope of this review was limited to papers published since 1990. It cannot be assumed that any trends identified can be extrapolated to earlier periods. As a limitation, this review tracked trends in a number of objective study attributes but did not perform a specific assessment of the risk of bias or the inherent quality of the individual studies and cannot be used as an assessment of study quality over time. While the observed increase in the percentage of studies to account for confounding factors is encouraging and likely to be correlated with study quality, this observation alone does not necessarily demonstrate that the overall quality of studies has improved generally.
The number of publications on feeding practices and ECC has increased, suggesting growing interest in the topic. In counting research productivity as publication counts, without weights for quality or impact, however, this review characterized the literature in broad strokes, identifying gaps generally as they relate to geographic representation and longitudinal evidence. In future analyses, a systematic synthesis of the findings contained in this literature is needed. Ultimately, the translation of identified associations between feeding practices and caries into effective oral health promoting practice will necessarily recognize the interlacing of feeding practices with other caries determinants, such as socioeconomic influences [31] , parental factors [32] , and other political, economic, social, and community contributions to oral health [33] .
Conclusions
The number of publications reporting on early-life feeding practices and ECC has expanded, with increasing representation from some countries (e.g., Brazil, China, and India) but remaining underrepresentation from others (e.g., African region). Most studies to date have been cross-sectional in design; more high quality longitudinal and intervention studies would provide stronger evidence to inform practice and policy. Publication attributes (i.e., methods and context) can differ significantly by individual publication and should be considered in the interpretation and synthesis of the literature. Integration of multidisciplinary knowledge, including future methodologically rigorous studies from less represented world regions, is needed to address the significant worldwide burden of early childhood caries.
